Separation of a phosphorylated histidine protein using phosphate aYnity polyacrylamide gel electrophoresis It is important to visualize phosphorylated proteins in evaluating diverse signal transductions in biological systems. Kinoshita and coworkers recently reported the separation of phosphorylated proteins from nonphosphorylated proteins using a novel phosphate aYnity sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) 1 technique [1] . The aYnity gel copolymerized with a phosphate-binding tag molecule, Phos-tag, a dinuclear Mn 2+ complex with an acrylamide-pendant Phos-tag ligand (commercially available at www.phos-tag.com). The principle of this method is as follows: phosphorylated proteins move slower in SDS-PAGE than do the corresponding nonphosphorylated molecules because the phospho-group interacts with the Mn 2+ Phos-tag ligand in the gel.
This novel technique was used successfully to detect some proteins containing phosphorylated Ser, Thr, and Tyr residues (O-phosphates) [1] . In addition, because the standard free energy of the N-P bond of N-phosphorylated His is large (¡42 kJ/mol), the phosphorylated His has the potential to serve as an intermediate in phosphotransfer reactions to other amino acids [2] . Therefore, in addition to Ser/Thr and Tyr kinases, His kinases (HKs) play a crucial role as a sensor apparatus in signal transduction, the two-component regulatory system, in prokaryotes, fungi, and plants [3] . In response to intra-and extracellular signals (e.g., nutrients, light, oxygen), HK promotes autophosphorylation at a conserved His residue using ATP, and the phosphoryl group subsequently is transferred to a unique Asp residue in a response regulator protein. The detection of phosphorylated HK is very important in terms of measuring the signal response by the twocomponent regulatory system. Here, we Wrst demonstrate the visualization of a phosphorylated His protein in the HK reaction using Mn 2+ Phos-tag SDS-PAGE. A recombinant His kinase ThkA, a deletion mutant (residue 408-755) of HK-TM1359 (PIR ID: H72262) from the hyperthermophile Thermotoga maritima, was puriWed according to a method described previously [4] . The reaction premixture (total volume 0.20 ml) for the autophosphorylation assay was composed of 50 mM Tris-HCl (pH 7.5), 50 mM KCl, 20 M MgCl 2 , and 5.6 M ThkA. The reaction was initiated by the addition of 1/9 volume of 2.0 mM ATP at room temperature. After 0.5, 1, 2, 4, or 6 min, 6.0 l of the reaction mixture was mixed with 10 l of a stop solution composed of 0.21 M Tris-HCl (pH 6.8), 13% (w/v) SDS, 32% (v/v) glycerol, 0.33 M dithiothreitol (DTT), 0.05% (w/v) bromophenol blue (BPB), and 1.0 mM ethylenediaminetetraacetic acid (EDTA) at 70°C.
SDS-PAGE was performed using a 1-mm thick, 8.5-cm wide, 9.5-cm long gel at 120 V and room temperature according to a method described previously [1] . The gel consisted of 1.8 ml of a stacking gel (3.0% [w/v] 
